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A direct relationship exists between the power density of a 
carbon dioxide laser and the thickness of scars it produces in 
rat skin. Statistically significant positive relationships were 
noted between laser power and scar thickness at days 14, 21, 
and 32. The slope of the curve increased as the number of 
T he use of the carbon dioxide (C02 ) laser to vaporize tissue is well established. Dermatologic disorders that have been treated by the CO2 laser include tatoos, hemangiomas, vascular malformations, recalcitrant warts, various tumors, and other superficial skin con-
ditions [1,2]. The laser's versatility is primarily due to its ability to 
precisely destroy thin, controlled layers of tissue while maintaining 
a relatively blood-free field and limiting thermal damage to the 
surrounding tissues. When the CO2 laser is used as a vaporizing 
tool, the depth and degree of tissue destruction can be controlled by 
varying its power density. The major complication of such destruc-
tion is scar formation [3]. Our study was designed to evaluate a 
possible relationship between power density and scar formation. 
We measured the scar formed in rat skin at varying time intervals 
after exposure to several energy levels from a CO2 laser. Our studies 
indicate a positive relationship between the thickness of scar formed 
and power density. 
MATERIALS AND METHODS 
Equipment A continuous wave CO2 laser (Sharplan 1100) was 
coupled to a computerized laser scanner (Sharplan 771). The scan-
ner was defocused to a circular spot size of 3 rom. Scanning speed 
was constant throughout all experiments at 37 mm/sec. The dis-
tance from the tip of the hand piece to the irradiated site was 40 cm. 
A square scanning pattern was used. Irradiance varied from 10 to 
60 Wand was applied at intervals of 10 W with power densities 
ranging from 141 to 849 W /cm2• 
Anitnal Model Twenty Sprague-Dawley rats were used. Anes-
thesia was induced with 1.2 cc Innovar injected intraperitoneally. 
Their backs were shaved, and a large rectangular area measuring 5 
by 10 em was marked off and divided into two equal areas measur-
ing 5 by 5 cm. Each animal's back was irradiated with two powers. 
Ten rats received 10 and 20 W, 5 rats received 30 and 40 W, and 5 
rats received 50 and 60 W (power densities were 141, 283, 424, 
566,707, and 849 w/cm2 for 10,20,30,40,50, and 60 W, respec-
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days elapsed. At day 32, the ratio of scar thickness to COz 
laser power density delivered was 0.3 pm/W -cmz. Scar for-
mation took longer for cO'mpletion at higher wattages of 
irradiation.] Invest Dermato193:75-77, 1989 
tively). A 3-mm punch biopsy was obtained from each of the irra-
diated sites on days 0, 2, 4, 7, 14, 21, and 32. 
Biopsies were fixed in 10% formalin, sectioned at 6-JJ.m thick-
ness, and stained with hematoxylin and eosin. The sections were 
examined by light microscopy in a random-blinded fashion. Thick-
ness of scar was measured with an ocular micrometer on a Zeiss 
microscope by a single observer (RSP). An average scar thickness 
was calculated from three measurements on each biopsy. 
Statistical Methods Simple least squares linear regressions for 
scar depth as a function oflaser power were computed using the SAS 
procedure REG [4]. To further examine the relationship between 
scar thickness, laser power, and days elapsed, we used exploratory 
data analy~is methods, as described by Tukey [5], to produce a plot of 
the trend III scar thickness versus increasing laser power for each of 
the 3 d: To produce the curves in Fig 2, medians were computed for 
scar thlckness at each value of laser power density. The trend line 
was then extracted by twice al'plying running medians of three. 
followed by a Hanning smooth [5]. This method produces a smooth 
curve that describes the relationship between scar depth and laser 
power density without assuming linearity. 
RESULTS 
Examination of biopsies on days 0, 2, 4, and 7 did not reveal any 
histologic scar. Scar formation was first observed in biopsy speci-
mens from day 14. At day 0 there was evidence of thermal damage 
that appeared to increase with CO2 laser power density. At days 2 
and 4 there was crust formation, intense acute inflammation, and 
evidence of extrudation of damaged collagen. By day 7 there was 
almost total epidermal regeneration with minimal, if any, crust. 
Also noted in tissue samples taken on day 7 was new blood vessel 
formation in the papillary dermis and mild inflammation. 
Table I gives the mean and standard deviation of scar thickness by 
laser power and by the number of days after CO2 laser treatment. 
The relationship between scar thickness and laser power is described 
using separate simple linear regressions for each day. Estimates of 
the intercepts and slopes of the regression lines are given in Table II. 
~lso, in Table II are tests of significance for the slope, the correla-
tlon squared, and the root mean squared error, which is a measure of 
the variability of the data points "about the regression line. There is a 
statistically significant positive relationship between scar thickness 
and laser power density at each of the 3 d as indicated by the slope of 
the regression line. The slope increased with the number of days 
elapsed. To further investigate the relationship between scar thick-
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Table I. Scar Depth Formation After CO2 Lasar Treatment by Elapsed Time and 
Power Density 
Elapsed Time (days) 
14 21 32 
Power Density Mean ± sd Mean ± sd Mean ± sd 
(W/em2 ) n (urn) (urn) (urn) 
141 10 87.1 ± 47.5 130.7 ± 82.3 134.1 ± 94.4 
283 10 91.1 ± 44.7 180.1 ± 58.1 236.6 ± 132.4 
424 5 156.4 ± 56.6 249.5 ± 38.0 251.5 ± 98.4 
566 5 99.0 ± 25.2 277.2 ± 71.0 344.5 ± 99.3 
707 5 172.3 ± 38.7 287.1 ± 39.6 273.2 ± 58.8 
849 5 148.5 ± 46.7 255.4 ± 64.3 364.3 ± 51.2 
Table II. Simple Linear Regression of Scar Depth on Power of CO2 Laser by Elapsed Time 
Test of Slope 
Intercept Slope ± sd 
Elapsed Time (scar thickness (urn of scar 
(days) inJ.l.m) per W Icm» p-value r2 MSE 
14 71.8 0.106 ± 0.028 3.42 0.0015 0.24 47.8 
21 123.5 0.212 ± 0.042 4.90 0.0001 0.39 66.9 
32 125.1 0.289 ± 0.064 4.38 0.0001 0.34 101.5 
ness and laser power density without assuming linearity, explor-
atory regression lines were computed for days 14, 21, and 32. 
Figure 1 shows the histologic scar formed on day 32 at selected 
increasing power densities. Figure 2 shows that scar thickness is not 
increased after day 21 for laser power densities of 141 to 566 wi 
cm2 • For higher power densities, continued scar formation is appar-
ent at day 32. Thus, the time until maximal scar thickness was 
observed appears to increase with power of the laser. This may 
explain why the relationship between scar thickness and laser power 
density is not linear for day 21. Figure 3 shows scar formation over 
time for all laser powers used. As time progresses, the rate of scar 
formation appears to decrease. 
Figure 1. Histologic scar formation on day 32 at specified power densities. A : 14 I W lem2 (10 W); B: 424 W lem2 (30 W); C: 849 W lem2 (60 W) (H and E. 
all magnifications X 100). 
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Figure 2. Exploratory regression plot. Relationship between thickness of 
scar formed and CO2 laser power density for days 14, 21, and 32. 
DISCUSSION 
Our studies reveal a statistically significant positive linear relation-
ship between CO laser power density delivered to rat skin and the 
amount of scar fo~med at day 32. The relationship was 0.3 )J.m of 
scar thickness formed per W /cm2 of laser energy. Day 0 o~ser:a­
tions generally demonstrat~d increasing ~hermal damage :Vlth ill-
creasing power density deltvered t.o t~e tissues, but analysIs of the 
data did not reveal a consistent obJecttve measurement that would 
allow us to conclude anything definite about the ultimate scar 
formed. Days 0 to 7 were not included in o~ analysis because 
histologic scar formation was not observed unttl ~ter day 7. . 
The relationship of scar formation to power denslo/ can be seen In 
Table II. This observation was also seen by Kamat [6] In her study of 
tissue repair following CO2 laser ir~adiation. As shown ~n Ta?le II, 
our simple linear regression analYSIS lo?~ed at the relattonshlp be-
tween scar thickness versus power denSIties ~or days 1~, 21, and. 3~. 
The slopes obtained from the line~ regr.esslOn analysIs are stattstt-
cally significant and suggest a relattonshlp ?etween the .amo~l1:t of 
scar formed and the CO2 laser power denSity used for Irradlat~on. 
This can be concluded because all conditions were constant; I.e., 
spot size, scan speed, distance from laser, and method of irra~ation. 
Scar thickness increased with time from day 14 to 32 with scar 
formation approximately equal to 0.3 )J.m/W -cm2at day 32. The 
rate of scar formation appeared to be greatest between days 14 and 
21 and decreased between days 21 and 32 (Fig 3). 
With higher power densities, the ti~e until max~mal scar forma-
tion is longer (Fig 2). At day 14, maximal scar thickness. was not 
reached for any of the power densities. At day 21, ma:~C1.mal scar 
formation appears to have been reached for power d~nslttes up to 
566 W /cm2• By day 32, the thick~~ss of scar formed did not ap~ear 
to be leveling off for power denslttes greater than 566 W /cm . It 
might be reasonable to assume tI~a~ maxim~1 scar for.matlon ~ay 
take longer for higher power denslttes .. A ~aJor factor. In deternun-
ing the maximum rate of scar formatton .IS the maximum rate at 
which collagen can be laid down. Accordmg to Madd~n and Pea-
cock (7J, wound healing studies performe~ o~ :ats assesslDg the rate 
of hydroxyproline) synthesis after scapel InC1S1on found the rate to 
be maximal and roughly constant from days 7 to 28. 
Our study used power densities in the .rang~ of 140 to 850 ~ / 
cm2 or 10 to 60 W of power. A linear reiattons~lp for scar fo:matJOn 
was evident within this power density range. Little can be Said about 
the amount of scar formed outside these boundaries. Although the 
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Figure 3. Relationship of scar tflickness to nwnber of days elapsed. A : 
141 W /cm2 (10 W); B: 283 W /cm2 (20 W); C: 424 W /cm2 (30 W); D: 
566 W /cm2 (40 W); E: 707 W /cm2 (50) W); F: 849 W /cm2 (60 W). 
power densities used in this experiment are similar to those used 
clinically, in our experiment we used a one pass technique to irra-
diate the skin, which is unlike most clinically applied techniques. In 
actual practice several.r.asses are often needed for adequate vaporiza-
tion of skin. Olbricht l8] warned that the use oflow power densities 
would likely result in increased coagulation necrosis of surrounding 
tissues from increased thermal conduction resulting from insuffi-
cient power to immediately vaporize the target tissue. Kamat [9] 
addressed tissue necrosis using low fluencies of CO 2 lasers and 
found a linear relationship between the amount of necrosis and 
power delivered. Her results were probably due to increased thermal 
conduction and coagulation necrosis as observed by Olbricht. Thus, 
it might be logical to avoid selecting a power density that is too high 
or too low, because they could lead to more tissue damage and 
resultant scar formation. 
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